The scientific output 1994-2014 of the University Centre in Svalbard (UNIS) was bibliometrically analysed. It was found that the majority of the papers have been published as international cooperations and rank above world average. Analysis of the papers' content reveals that UNIS works and publishes in a wide variety of scientific topics.
Introduction
The sensitivity of the Arctic to climate changes and the heavy impact of such transformations on other world regions (Post et al., 2009 ) as well as its presumed richness in oil, gas and other mineral deposits has moved the Arctic into the focus of intensive scientific, economic, political and public attention (Humrich, 2013) .
The University Centre in Svalbard (UNIS) was established in 1993 as "Arctic extension" of Norway's universities (UNIS, 2009 a) . UNIS is to "represent and secure Norwegian polar interests" (UNIS, 2009 a). UNIS's mission is also to offer an international research platform for all kinds of basic Arctic research (UNIS, 2009 b) .
It seems to be of interest to analyse UNIS' scientific acitivities from a bibliometric point of view. This communication tries to answer the following questions: (i) What is produced by UNIS in terms of scientic papers? (ii) To what extent is UNIS' propagated internationality realised in terms of international coauthorships? (iii) What is the standing of UNIS' publications in terms of appropriate international standards? (iv) What is the content of UNIS authored papers in terms of subfields and subject topics?
Methods
Papers published since 1994 by UNIS were retrieved and downloaded from the Web of Science (WoS) on January 19, 2014, using an appropriate address search profile.
For the analysis of UNIS' paper output and its distribution to different document types all retrieved records were used. For the analysis of UNIS' research those papers not being research articles (i.e. not of document type "ARTICLE") were excluded.
The citation performance of UNIS' papers was measured applying the Percentile Rank Index (PRI) developed by Pudovking and Garfield (Pudovkin and Garfield, 2009 ). I call this version of a percentile rank index PG-PRI but use in this paper "PG-PRI" and "PRI" synonymously because no other PRI methods are involved here.
Prior to PG-PRI calculation of a paper in question the citation rank of this paper among its "paper peers", i.e. all papers published in the same source journal in the same year must be determined. Because most papers need some time to gather cites it makes no sense to include too recent papers in a PRI analysis. In this study, only research papers (document type "ARTICLE") of UNIS published before 2013 (i.e. published in the years 1994-2012) were included (723 papers). For each of these 723 research articles its publication year and publishing journal was determined, and all papers (document type "ARTICLE" only) of the corresponding journal-year pair were retrieved and downloaded. In summary, the papers of 514 journal-year pairs were retrieved and downloaded between the 6 th and 10 th February 2014. Then, the papers of each journal-year set were ranked top-down according to citations received. In case of ties (several papers having the same citation frequency), each of the tied values was assigned the average of the ranks for the tied set Garfield, 2009, Pudovkin et al., 2012) . The position of each of the UNIS papers in the corresponding paper set was determined. PG-PRI values were calculated according to the formula
where N is the number of papers in the year set of the journal and R is the citation rank of the paper (Pudovkin and Garfield, 2009) . R=1 is the top rank (most cited paper) with PRI=100 (Pudovkin and Garfield, 2009) . For determination of the global (expected) average PRI the Svalbard papers were ordered according to the number of papers published in the corresponding journal-year set. The average PRI was calculated according to the formula
where N is the number of papers published in the journal-year pair at the median position of the ordered set (Pudovkin et al., 2012) . In the present study, the median N was found to be 150; therefore,
For cluster analysis of keywords the co-word analysis technique described by Callon et al. (1991) was applied. A detailed description of the algorithm can be found in Stegmann and Grohmann (2003) .
Extraction of record field contents, clustering, data analysis and visualisation were done using homemade programs and scripts for perl (version 5.14.2) and the software package R version 2.14.1 (R Core Team, 2013) . All operations were performed on a commercial PC run under Ubuntu version 12.04 LTS.
Results and Discussion

Output (papers)
Since 1994 UNIS published 875 papers, more than 85% of them being research papers (Figure 1 ). In UNIS' starting years only few papers were published but the annual publication numbers gradually increased up to 94 in 2012. In 2013 only 73 UNIS papers were retrieved but probably not yet all papers with 2013 as publication year had been recorded to the WoS database at the time of retrieval (Januar 2014). The number of UNIS papers retrieved from the WoS database are in good agreement with the corresponding numbers derived from UNIS ' annual reports 2009 ' annual reports to 2012 ' annual reports (UNIS 2009 ' annual reports b, 2010 ' annual reports , 2011 ' annual reports , 2012 . For the subsequent analysis of Svalbard's research papers of document type "AR-TICLE" only were included. These amount to 748 papers for the whole time span (1994 ( -January 2014 . These papers have 2331 distinct authors; the most prolific author is (co)author of 66 papers. The average number of authors per paper is 3.1; predominant is the class with 4 authors per paper. Only 4.1% (31 papers) of the research papers are single-authored (not shown). The paper with the highest number of authors (376) is the yearly published State of the Climate report, a special supplement to the Bulletin of the American Meteorological Society (Blunden and Arndt, 2012) .
67% of UNIS's research papers are international papers, jointly authored by at least one author of UNIS (i.e. from Norway) and at least one author from another country. In total, 56 different countries (including Norway) are involved in UNIS' research papers. Table 1 shows the top 15 cooperating countries. Among them are the other (besides Norway) circumpolar countries: Canada, Denmark (due to its autonomous region Greenland), Iceland, Russia, USA.
UNIS has published its papers in more than 200 journals; the top ten are displayed in Table 2 (see also Table 3 and next section).
Benchmarking (PG-PRI)
For the analysis of the international standing of UNIS' research the percentile rank indexing method of Pudovkin and Garfield (2009) was applied (PG-PRI, see Methods). Figure 2 displays the PG-PRI value of each of the 723 research articles of UNIS. Table 4 lists some PRI ranges. The average PRI value of UNIS' 723 research articles published 1994-2012 is 53.9, well above the expected (global) mean of 50.33 (see Methods). In addition, more than one half (392 = 54.2%) of the UNIS papers have PG-PRI values above the global mean ( Figure 2 , Table 4 ). The PG-PRI has the inherent capability for international comparison of an author's/institute's papers because it compares the citation performance of the research papers in question with their "direct peers", i.e. papers of the same type published in the same journals in the same time span ( Garfield, 2009, Pudovkin et al., 2012) . From the data in Figure 2 and Table 4 it is concluded that UNIS' research perform well above the average of comparable world research. This conclusion is supported by the high impact factor ranks of the top ten journals with UNIS papers within their JCR categories (see Table  3 ).
Content (categories, keywords)
Rough indicators of the scientific (sub)fields to which papers contribute are the WoS categories to which journals are assigned. UNIS contributes to 52 WoS categories. The top 15 categories to which UNIS research papers (i.e. the publishing journals) have been assigned are shown in Table 5 . Earth, marine, environmental sciences play a role, but also space and evolutionary sciences are important.
Deeper insights into UNIS' research areas may be achieved by an analysis of the keywords assigned to the articles. The keywords were extracted from the record fields DE (author keywords) and ID (keyword plus). 3999 distinct keywords were extracted and -in a first step -assigned to WoS categories of the respective articles. Identical keywords (occuring in both fields, DE and ID) were counted only once. Table 6 lists for the 10 top categories (see Table 5 ) frequent keywords (omitting not so informative descriptors like Svalbard, Spitsbergen, Sea, etc.).
Another possibility to get an overview of the content of a set of papers is cluster analysis of the relevant keywords. Here, the co-word analysis of Callon et al. (1991) was applied (see Methods). The perl scripts developed by Stegmann and Grohmann (2003) were used to perform a cluster analysis of the keywords assigned to UNIS' research articles. The keywords are clustered according to their mutual similarity based on their co-occurrence strength, determined by calculation of the cosine. Several thresholds were applied: (i) minimal frequency = 4 (occuring of a keyword in at least 4 records, this threshold reduced the number of keywords to 395); (ii) minimal cosine similarity = 0.2; (iii) mininal (maximal) cluster size = 3 (10), i.e. only clusters containing at least 3 keywords were included. The upper threshold of cluster size was applied in order to avoid clusters with very many keywords which makes the cluster readability difficult. When a cluster had accumulated 10 terms a new cluster was started (see Stegmann and Grohmann, 2003) .
Under these restrictions 38 clusters with 338 keywords were found. For their visualisation the form of a density-centrality diagram (Callon et al., 1991) was chosen. Density means the strength of the links between cluster members, centrality means the strength of links between clusters. To label a cluster (besides its number) the keywords contained in it were ranked according to the product of link strengths (cosine values) and frequency; the keyword with the highest product was selected as cluster name.
The diagram is displayed in Figure 3 . Theoretically, this kind of diagram (also called "strategical diagram", see Callon et al., 1991) displays in its right half "central" topics. i.e. subjects with strong or many links to other topics (clusters). In the upper half the topics are "dense", i.e. the keywords constituting a topic are mutually strongly linked but do not have necessarily many or strong links outside the cluster. In the left and lower parts of the diagram subjects developing to more centrality and/or density are displayed. Tables 7, 8 , 9, 10 lists all clusters with their keywords. Table 7 lists the keywords contained in the clusters positioned in the lower left quadrant of the diagram, Table 8 those of the upper left quadrant, and in Tables 9 and 10 the keywords of the lower and upper right quadrants are tabulated. Inspection of the clusters clearly shows that in most cases co-clustered keywords express associated topics. For a non-expert, however, it is difficult to make substantial statements concerning the cluster contents and the position of the research represented by the cluster keywords within the frame of UNIS's research. Of course, the help of field experts is needed for a detailed analysis of topics and their keywords. Variation (lowering) of the applied thresholds could result in a more detailed view of topics dealt with by UNIS' research papers. One should, however, not forget that the keywords in WoS records do not belong to a controlled vocabulary. It might happen that the same issue is described with (slightly) different keywords in different records, thus lowering the link strengths from this issue to other ones. Nevertheless, the data displayed in Figure 3 and Tables  7 to 10 show that UNIS has a diversified spectrum of Arctic research topics.
Conclusion
The University Centre in Svalbard (UNIS) has been found to be a high-level research centre performing well above world average in wide variety of research subjects.
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